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The proliferation of mobile phones in developing countries has generated a wave of interest in collecting high-frequency socioeconomic surveys using this technology. This paper considers lessons from one such survey effort in a difficult environment-the South Sudan Experimental Phone Survey, which gathered data on living conditions, access to services, and citizen attitudes via monthly interviews by phones provided to respondents. Non-response, particularly in later rounds of the survey, was a substantial problem, largely due to erratic functioning of the mobile network. However, selection due to non-response does not appear to have markedly affected survey results. Response rates were This paper is a product of the Poverty Reduction and Economic Management Unit, Africa Region. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The author may be contacted at gdemombynes@worldbank.org. much higher for respondents who owned their own phones. Both compensation provided to respondents in the form of airtime and the type of phone (solarcharged or traditional) were varied experimentally. The type of phone was uncorrelated with response rates and, contrary to expectation, attrition was slightly higher for those receiving the higher level of compensation. The South Sudan Experimental Phone Survey experience suggests that mobile phones can be a viable means of data collection for some purposes, that calling people on their own phones is preferred to handing out phones, and that careful attention should be given to the potential for selective non-response.
Introduction
In the past decade, mobile phones have become a ubiquitous feature of life in developing countries.
Between 2005 and 2011 mobile cellular subscriptions nearly tripled in the developing world, increasing from 1.2 to 4.5 billion. In Africa, the region with the fastest mobile subscription growth rate, mobile cellular subscriptions increased from 87 million in 2005 to 433 million in 2011. A number of factors contributed to the luxury-to-commodity transformation of mobile phones. Technological advances along with economies of scale in network equipment and handsets in the developed world led to price declines. Additionally, the introduction of pre-paid billing systems lowered service costs by eliminating the need for operators to send bills and collect debts, thus making mobile phones accessible to lower income consumers. Finally, deregulation created a competitive marketplace, further reducing prices and bolstering mobile phone adoption (Economist 2009) . Accompanying the growth in handset ownership has been growth in mobile applications, including digital money transfers and payments, citizen polling station surveillance, remote health care consultation and diagnosis, and transmission of timely market information to farmers.
One area in which mobile technology holds promise is for implementing surveys. Despite recent advances, in many developing countries there is a lack of reliable and timely socioeconomic data.
Today, there is an opportunity to leverage mobile phones for routine data collection to help fill this gap and support policy decisions, strengthen civil society, and facilitate program management (Croke et al. 2012 ). This paper examines the opportunities and challenges of using mobile phones as a research tool, based on the experience with the South Sudan Experimental Phone Survey (SSEPS).
The paper is organized as follows. Section 2 of the paper describes options for data collection via mobile phones, Section 3 describes the South Sudan survey, Section 4 assesses patterns of non-response and survey results, and Section 5 concludes.
Mobiles for Data Collection
For mobile phones to be useful as a survey device, they need to satisfy a number of criteria. A mobilebased survey should 1) yield a sample size large enough to draw statistically reliable inferences about a population of interest, 2) be economically viable compared to alternative data collection, and 3) generate data of adequate quality. The third criterion relates to sampling, attrition, and non-response as well as respondent behavior when interacting with a mobile phone interface.
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Data applications for mobile phones have been used for cross-sectional monitoring and evaluating conditional cash transfer programs in Guatemala (Schuster and Brito 2011) , longitudinal research on farmer's understanding of uncertainty in Tanzania (Dillon 2010, Schuster and Brito 2011) , enumeration of households by community health workers (Tomlinson, Solomon et al. 2009 ), and longitudinal thirdparty monitoring of public services in Tanzania. 1 Approaches vary in terms of the means of data collection (voice, SMS, USSD, electronic forms) and server side components (databases, data reporting, and management interfaces) (Loudon 2009 ). These choices relate to budget, socioeconomic context, and available technology services and infrastructure. Figure 1 provides a schematic diagram of data collection approaches that are available in addition to traditional, face-to-face paper-based surveys, and Table 1 lays out the strengths and limitations of various technologies used in the approaches.
Figure 1: Survey Data Collection Approaches
Notes: See Annex A for a full glossary of abbreviations. SMS refers to standard mobile text messages. GPRS is the channel used for mobile Internet on a smartphone.USSD is a less common channel which allows for two-way data communications on a basic GSM phone. It is typically used for requesting information on airtime balances. For the second approach shown in the figure-face-to-face interview using phone, laptop or tablet computer-data could be transmitted via GPRS or by other means, such as physical transfer of electronic media to a central location. Mobile phones have been used to collect data using three approaches:
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( Few systematic studies are available that compare the data quality and data collection efficiency of these alternative approaches. In one India-based study evaluating the accuracy of data collection using electronic forms, voice, and SMS through mobile phones, MIT researchers found that a voice interface (in a setting where respondents dictated answers through the mobile phone to an operator in real time)
provided the highest level of accuracy, leading them to favor the voice-operator combination for the implementation of a tuberculosis program (Patnaik et al. 2008) . In Tanzania, a research team from Twaweza, a citizen-centered initiative in East Africa, favored a voice-operator interface to collect weekly data on provision of public services, due to implementation challenges associated with USSD, electronic forms, and IVR (MobileDataGathering 2011). For reasons explained below, SSEPS also employed a voice-operator approach. 
The South Sudan Experimental Phone Survey
In 2010 the World Bank financed a mobile phone-based survey to monitor conditions in South Sudan on a monthly basis and to contribute to knowledge regarding the feasibility and implementation of mobile phone surveys in low-income settings. The rationale for selecting a mobile data collection approach was rooted in context. In early 2010, South Sudan was a year away from the referendum for independence.
Given a dynamic situation, setting up a platform to collect high frequency panel data on perceptions, living conditions, and access to services would help shed light on the evolving situation. Additionally,
given the poor state of roads and the high costs of travel, mobile phones would offer the potential of a cost-effective solution to collecting high-frequency data by avoiding costly repeat visits to households.
While ownership of modern consumer durables (such as televisions, refrigerators and computers) is uncommon in South Sudan, reflecting low incomes and the lack of reliable access to electricity in homes, ownership of mobile phones has been steadily increasing in both urban and rural areas ( 
Design, Implementation and Timeline
Implementation of SSEPS involved two major phases: (1 To assess the effect of incentives on participation, sampled enumeration areas were randomly assigned to two incentive groups: one receiving pre-paid credit of 5 Sudanese Pounds (SDG)-approximately US$2.17-for each call leading to a completed survey and another receiving pre-paid credit of 10 SDG (US$4.35) for each call leading to a completed survey. 4 This credit was transferred on a weekly basis:
the call center would send a list of participants that had completed the survey in the previous week to partners at the mobile phone operator (Zain), which would then transfer the credit to households. In the month of December, some of the transferred credits were delayed by two weeks as the purchased credit had not been activated. In addition, enumeration areas were randomly assigned to receive either a basic Nokia phone or a Safaricom solar-rechargeable phone. Given these combinations, four groups defined by phone type and incentive amount were formed: (1) Nokia, 5 SDG incentive group, (2) Nokia, 10 SDG incentive group, (3) Safaricom, 5 SDG incentive group and (4) Safaricom, 10 SDG group. A last incentive which was offered to all respondents came in the form of a lottery. All sampled households 4 US Dollar equivalent figures are based on annual exchange rate average for of 2.3 SDG per USD for 2010. were told that they would be eligible for the chance to win a 230 SDG credit transfer in a monthly survey should they complete the survey.
Prior to visiting households, the mobile phones were fully charged, enabled with SIM cards, tested to ensure they could make and receive calls and pre-loaded with 2 SDG of credit. 5 coordinating additional visits to the household until the respondent was found. In addition, as the survey focused on gathering information on general household and community-level characteristics rather than very specific or personal characteristics, the risk of systematically biased responses was not deemed large. As such, when enumerators visited each household, rather than taking the list of household members and randomly selecting one member from the list, the first adult member of the household encountered at the time of the visit was selected for participation. Each selected participant was trained in the use of the phone and given a calendar displaying the specific day he or she would receive a call, with the first call occurring four weeks after the initial household visit. Enumerators collected an alternative phone contact number if available, the language preference of the participant (Arabic, English, Dinka, or Nuer) and the participant's preferred time of day for calls.
Each month's SSEPS questionnaire consisted of two modules: a set of core questions that were repeated each month and a set of "special" questions that were changed on a month-to-month basis. The core questions fall into three categories: past changes and outlook, material deprivation, and security. The wording for the core questions was taken from Afrobarometer surveys conducted in 2008 and 2009, in order to make it possible to compare results from Southern Sudan to other countries. 6 The core set of questions, as well as the special set of questions for each month are provided in Annex B. Thirty-six percent of respondents had access to another mobile phone.
Results

Sample Characteristics
Response Rates and Attrition
At the end of the first round of data collection in December 2010, 68 percent of SSEPS participants completed the mobile-phone administered questionnaire. Overall response rates declined to 62 percent in January, 55 percent in February, and 52 percent in March (Table 4 and Figure 3 ). Both the level and trend of response rates varied substantially across town of residence ( Figure 4 ). In Wau, for example, although response rates declined with each successive round, relative to other towns, response rates were high: 84 percent in December 6 The reference period for the Afrobarometer questions is one year. Because the survey was conducted on a monthly basis, a one-month reference period was of greater interest for the time series data. For this reason, in December 2010 the poverty and security questions were asked with both a one-year and a one-month reference period. In subsequent months, they were asked with only a one-month reference period. The outlook questions are only asked with a one-year reference period. Among respondents receiving Nokia phones, those offered 10 SDG credit were about 10 percent less likely in each round to complete the survey compared to respondents offered the 5 SDG credit ( Figure   3 ). There was not a similar pattern among respondents using solar-rechargeable phones. Both Nokia and Safaricom solar phone users completed surveys with the same frequency: among 4,028 possible completed surveys across all four survey rounds the overall response rate for users of both phones was 59 percent. This suggests that the constraint of having to charge the Nokia phone using an electrical outlet did not influence survey completion.
Three probit regression models were used to explore in more detail factors associated with successful completion of the survey. Model 1 in Table 5 assesses the likelihood that a respondent completed the questionnaire given personal characteristics and SSEPS design features. Models 2 and 3 in Table 5 assess the association of these same factors with the likelihood a participant completed all four surveys and with the likelihood a participant completed none. Survey completion was most likely among participants over the age of 40, and female participants were close to 10 percent more likely to complete the questionnaire than male participants. Participant language was not associated with response rate, suggesting that efforts to ensure interviewers at the call center could address participants in their preferred language were successful. As noted previously, the value of the incentive offered was negatively associated with survey completion: participants who were offered the 10 SDG top-up were 6.4 percent less likely to complete the survey, and the type of phone received did not affect response rates. 7 Participants who provided an alternative mobile phone contact number were 24 percent more likely to complete a survey. Monthly reports from the call center contracted to conduct the interviews suggest that this is partially explained by the fact that the respondents who previously owned a phone had given their phones to relatives, thus giving agents at the call center more opportunities to locate the respondent. Additionally, when the Zain network used on the phones distributed by the project was not functioning, the call center could use an alternative service provider (mainly MTN and Vivacel) on the alternative phone. Participants with access to another phone were also more likely to be familiar with the technology, and participants with their own phones probably choose service providers with the best local coverage. 7 Respondents who completed surveys in the first two weeks of December experienced a delay in the transfer of air-time credit. Analysis not presented here shows that controlling for regression covariates, these households were 9.4 percent less likely to complete surveys in rounds 2, 3 or 4 compared to households that did not experience the delay. Participants who completed all four survey rounds were more likely to be above the age of 30 and more likely to have access to an alternative phone. Gender, the type of phone, and the incentive value were not associated with the probability a respondent would complete all four rounds of the survey. The very strong geographical pattern associated with completing all four survey rounds suggests that the differential reliability of network coverage across the ten urban centers was a strong determinant of 15 response rates. Participants who did not complete a single survey were less likely to be female, less likely to have access to an alternative phone, and more likely to have been offered a pre-paid credit of 10 SDG.
As additional socioeconomic characteristics of households were available from the NBHS for about half of the SSEPS households, an additional set of regressions was run to explore the association between survey participation and the level of educational attainment of the household head, poverty status, and television ownership. Results from this set of regressions (Annex A) show that respondents belonging to households in which the head member completed post-secondary education were more likely to complete at least one survey. The poverty status of the household and ownership of a television were not associated with the rate of survey completion.
Call Center Outcomes
Horizon Contact Center kept records of the attempts to reach respondents ( Figure 5 ). In December, among 3617 dials, 36 percent resulted in a contact with a respondent and 19 percent resulted in a completed survey. The efficiency of the calling process improved significantly in January-for every 100 dialed numbers, 34 resulted in a completed survey-but subsequently fell off in February and March where out of every 100 calls, only 17 and 15, respectively, resulted in a completed survey.
Major challenges related to reaching the correct respondent involved an unreachable number (37 percent of calls) and no network coverage (18 percent).
8 Problems with the network increased over the course of the four month period, peaking at 32 percent of all dialed numbers in March. Calls to Bentiu and Torit in December and January and Aweil and Bor in March were cited as being particularly and consistently problematic due to poor network connectivity. The fraction of unreachable numbers was particularly high in February, when 47 percent of all dialed numbers were unreachable.
Figure 5: Calling Efficiency Indicators
Other challenges during survey implementation related to content. For example, in February the rotating set of questions focused on governance and leadership, and call agents asked respondents to share perspectives on leadership quality. Many were reluctant to do so, citing concern that the information would be used against them. In January, when respondents were asked to list all member of the household in order to collect information on educational attainment, many were cautious and wanted reassurance the answers would be kept confidential.
Call agents at Horizon also reported many respondents complained about faulty batteries (among solar phone users) and the costs of recharging (among Nokia phone users). There was also some evidence that respondents lost track of their call date and that some research phones were sold. In some cases when interviewers called the lines and made a contact, the person on the other end was not the listed respondent and mentioned having bought the phone on the market. Unfortunately, Horizon did not keep exact track of the extent of these issues so it is difficult to gauge how influential they were in determining overall response rates. Given that response rates gradually fell from December through March, some of the trends noted above could have plausibly resulted from a dynamic selection effect rather than changes in the economic, social, or political environment. However, the response patterns (both levels and trends) are very similar when comparing all responses, as presented above, with only responses from full compliers, i.e. the Table A4 in Annex A. This suggests that election due to non-response does not appear to have markedly affected survey results.
Survey Results
The two questions with most volatility on a month-to-month basis were access to clean water and access to cooking fuel. Among these two questions, two trends are observed: (1) In February, there appears to have been a one-time shock that made it easier for households to get access to fuel, and (2) beginning in February, a shock lasting through March made it more difficult for households to access clean water.
Given that access to fuel depends on market conditions that can fluctuate rapidly (and therefore change the availability and price of fuel commodities), and access to clean water depends on environmental conditions (such as the onset of the dry season) and public or private services that can be disrupted, the higher volatility of responses to these two questions on a month-to-month basis relative to others appears plausible.
Discussion
The fact that response rates dropped by about 5 percentage points per round, starting at 68 percent in
December and ending at 52 percent in March, is cause for concern that selective response may bias the survey results. This worry is compounded by the finding that those responding were disproportionately women, older participants, and those with alternative phone numbers. At the same time, the fact that trends for responses from full-compliers alone are similar to trends based on all responses suggests that selective attrition did not ultimately bias the survey results.
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The largest contribution to non-response resulted from individuals who participated intermittently over the course of the survey period. Future studies using mobile data collection might mitigate non-response by sending simple reminders (possibly using SMS) to reduce the number of intermittent compliers.
Targeting older, female household members could reduce the number of non-compliers, but such targeting would not be desirable for surveys seeking a representative sample of individuals, e.g. labor force surveys.
Notably, poverty status was not associated with survey completion. An important contributor to nonresponse over the course of the survey period seems to have been differential network coverage between geographic areas and disruption to network coverage within geographic areas over time. Having multiple options to call respondents by recording an alternative contact number helped significantly.
This suggests that survey designs that use existing household mobile phones might yield higher response rates than survey designs that hand out mobile phones. The downside of this strategy is representativeness in areas with low household ownership of mobile phones.
Larger incentives in the form of pre-paid calling credit did not work to encourage survey completion. In fact, participation rates were slightly lower for those who received the greater incentive. The underlying mechanism of this result is not clear. Given that the design of the study did not incorporate a group without an incentive payment, it is not possible to say whether offering some incentive increased participation versus offering no incentive at all.
In terms of implementation, a critical feature of this study was partnering with the National Bureau of Statistics. The NBS provided the staff, knowledge and experience that enabled the sample selection and successful distribution of phones. Being able to tap the NBS's experience in collecting data in South Sudan-given obvious logistical and operational challenges in the country-was a tremendous asset to the SSEPS project.
Overall, the SSEPS experience is encouraging as to the potential for mobile phone-based surveys while at the same time offering a cautionary tale about the potential hurdles to the approach. In particular, variability in the functioning of the mobile network, which was not anticipated by the project team beforehand, turned out to be a substantial problem. At the same time, selection due to non-response turned out to be less of a concern than expected, as it does not appear to have markedly affected survey results in this case. The overall success of the project in an extremely difficult environment suggests that further efforts at mobile data collection in developing countries are worth exploring. In last month, something was stolen:
Annex A
Looking back, how do you rate your (household) living conditions compared to twelve months ago? Would you say that they are much worse, worse, the same, better, or much better compared to twelve months ago? 
